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The fractal property stipulates that the same physical laws apply for different scales of a given 
physics. This property is applied to particles and nuclei, in order to study the possibility to use it 
to help for determination of unknown spins of some particles or excited nuclei levels. 

PACS numbers: 21.10.-k, 21.10.Hw, 27.10.+h, 27.20.+n, 27.30. +t 



I. INTRODUCTION 



The fractal concept stipulates that the same physical 
laws apply for different scales of a given physics Q 0. 
The possibility to study several particle and nuclei prop- 
erties with help of fracatals was recently shown. First, 
fractal properties were applied successively to fundamen- 
tal force coupling constants, to atomic energies, and to 
elementary particle masses 0]. Then, they were applied 
to study hadron spectroscopy Finally, they were ap- 
plied to the study of masses and energy levels of several 
nuclei @. 

The aim of the present paper, is to look at the possi- 
bility of using the same method to help to determine the 
unknown spins of some particles or nuclei excited levels. 

The fractal concept, as well as the log-periodic correc- 
tions [3] were summarized in [Ej . The scale invariance 
is defined in the following way: an observable 0(x), de- 
pending on the variable x, is scale invariant under the 
arbitrary change x — Ax, if there is a number fJ.{X) such 
that 0(x) = /iO(Ax). A is the fundamental scaling ratio. 
The solution of 0(x) is the power law: 



0{x) = Cx" 



(1) 



where a = -\nfi/\nX. 

We have therefore " a continuous translational invari- 
ance expressed on the logarithms of the variables" since 



log(p{x)) = a log{x) + log{C) 



(2) 



Considering a sequence of same objects, with a given 
spin, 0(x) is the mass of this object of rank "x". If 
the logs of the masses of a sequence having a given spin, 
are aligned versus the logs of the rank, we can look if 
the unknown spin mass can be introduced without loss 
of linearity in the straight line. 
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It was shown Q [1| that the masses follow discrete 
scale invariances and not continuous scale invariances; 
we observe therefore multi-fractal distributions. 

This fractal property of linearity between the log of 
masses of a given spin versus the log of the rank is used 
below to help to determine the unknown spins of some 
mesons, hadrons and nuclei levels. When an unknown 
spin level arrives at the same rank for two (or more) 
different spin distributions, only the larger spin appears 
in the figures, the other lower spin marks being recovered. 



II. MESONS 

The masses and spins are the last Particle Data Group 
values (PDG) M. Some masses, omitted from the sum- 
mary table of [g, are however kept in the study. Some 
meson families are ignored when a too small number of 
masses or spins is known. 



A. Unflavoured mesons 

The log-log plot of unflavoured meson masses is shown 
in figure 1. Full red circles correspond to J = mesons, 
full blue squares correspond to J = 1 mesons, full green 
triangles correspond to J = 2 mesons, full purple stars 
correspond to J = 3 mesons, and sky blue empty crosses 
correspond to J = 4 mesons. The first (pion) mass is 
omitted in order to expand the figure scale. The mass 
and width of the /o(600) are reduced since the first 14 
entries in PDG table 2011, give its mass to be in the range 
440-552 MeV. Therefore, I kept the following value: M = 
475±50 MeV. AU unflavoured mesons with spin = 0, 1, 2, 
3, or 4, therefore up to /2(2340), are kept in figure 1. The 
large number of observed unflavoured mesons, as well as 
their known spins, allows to discuss the possibilities and 
the limitations of the method. 

The different straight lines indicate the multi-fractal 
properties. The first unknown spin meson is the X(1835) 
which mass mark (M = 1833.7 MeV, ln(M) = 7.514) is 
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the range 2500<M<3100 MeV. From the present data 
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FIG. 1. Color on line. Log-log plot of unflavoured meson 
masses. Full red circles correspond to J = mesons, full 
blue squares correspond to J = 1 mesons, full green triangles 
correspond to J = 2 meson, full purple stars correspond to J 
= 3 mesons, and sky blue empty crosses correspond to J = 4 
mesons (see text). 



encircled and is introduced for all possible spins. The 
ahgnements must be looked for, ignoring these encircled 
marks. We conclude therefore, using these ahgnements, 
that J = 4 and J = 0, are unlikely for this meson. It is 
not possible to choose between spins J = 1, 2, or 3. The 
spin of the M 2231.1 MeV unflavoured meson (ln(M) 
= 7.710) is noted to be either 2 or 4. The corresponding 
marks are again encircled. The figure shows again that 
it is not possible to use this method to choose between 
both possible spins. 



B. Strange mesons 

The log-log plot of strange meson masses is shown in 
figure 2. Full red circles correspond to J = mesons, 
full blue squares correspond to J = 1 mesons, full green 
triangles correspond to J = 2 mesons, full purple stars 
correspond to J = 3 mesons, and sky blue empty crosses 
correspond to J = 4 mesons. Only one J = 5 strange 
meson is known in the mass range studied. The spins of 
two meson masses M = 1630 MeV, ln(M) = 7.396, and 
3100 MeV, ln(M) = 8.039, are unknown. In the figure, 
these masses are introduced in all spin distributions and 
are encircled. From figure 2 we deduce that the spin of 
the strange meson with mass M = 1630 MeV, is likely to 
be J = 0. J = 2 or J = 4 are also possible, but not J = 1 
neither J = 3. Indeed, after removing the M = 1630 MeV 
strange meson from the J = 1 distribution, the two last 
J = 1 marks have to be translated to left by one step, 
and then the alignement is no more obtained for larger 
masses. The attribution of the spin to the strange meson 
at M = 3100 MeV is difficult, since it is not possible to 
exclude that new strange meson(s) could be observed in 
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FIG. 2. Color on line. Log-log plot of strange meson masses. 
Full red circles correspond to J = mesons, full blue squares 
correspond to J = 1 mesons, full green triangles correspond to 
J = 2 mesons, full purple stars correspond to J = 3 mesons, 
and sky blue empty crosses correspond to J = 4 mesons (see 
text). 



unprecision is not given, a value of AM 
used. 



Charmed mesons 
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FIG. 3. Color on line. Log-log plot of charmed meson masses. 
Full red circles correspond to J = mesons, full blue squares 
correspond to J = 1 mesons, and full green triangles corre- 
spond to J = 2 mesons (see text). 



The log-log plot of charmed meson masses is shown in 
figure 3. Full red circles correspond to J = mesons, full 
blue squares correspond to J = 1 mesons, and full green 
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triangles correspond to J = 2 mesons. The first charmed 
meson with unknown spin is the D* at M = 2637, ln(M) 
~ 7.877. The corresponding marks are introduced in all 
possible spin data, and are encircled. Here again, the 
method discussed is unable to help us to conclude firmly, 
although J = is weakly favoured. 
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D. Charmed, strange mesons 
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for the M = 3871.56 c — c meson, namely J = or 1, and 
also preferably one spin: J=l for the M = 3915.5 c — c 
meson. It is however not possible to eliminate J = 2 for 
both levels, but the small number of c — c mesons with 
such spin makes such conclusion doubtful. 
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FIG. 5. Color on line. Log-log plot of c — c masses. Full red 
circles correspond to J = mesons, full blue squares corre- 
spond to J = 1 mesons, and full green triangles correspond to 
3 = 2 mesons (see text). 



FIG. 4. Color on line. Log-log plot of charmed strange meson 
masses. Full red circles correspond to J = mesons and full 
blue squares correspond to J = 1 mesons (see text). 

The log-log plot of charmed, strange meson masses 
is shown in figure 4. Full red circles correspond to J 
= mesons and full blue squares correspond to J = 1 
mesons. The spin of the second charmed, strange meson 
Ds(2112.3 MeV) (log(M) = 7.6555) is unknown. The 
figure shows that it is not possible to suggest a spin 
value for it. The spin of the 6*^ charmed, strange me- 
son Ds2 (2572.6 McV) (log(M) = 7.8527) is also unknown. 
Figure 4 shows that it is possible to suggest J = 1 for its 
spin. 



E. c — c mesons 

Many c — c meson masses are observed but, above M = 
3900 MeV, nearly all spins are undetermined. Therefore 
we will only consider here the study of log-log distribu- 
tions up to M = 3930 MeV. Figure 5 shows the log-log 
plot of c — c meson masses. Full red circles correspond 
to J = mesons, full blue squares correspond to J = 
1 mesons, and full green triangles correspond to J = 2 
mesons. The spins of the M = 3871.56, ln(M) = 8.261, 
and 3915.5 MeV, ln(M) = 8.273 c - c mesons are not 
known. These masses are therefore introduced in the 
three distributions corresponding to J = 0, 1, or 2 and 
are encircled. From the figure, we get two posssible spins 



III. BARYONS 
A. N baryons 
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FIG. 6. Color on line. Log-log plot of N baryon masses. Full 
red circles correspond to J = 1/2 baryons, full blue squares 
correspond to J = 3/2 baryons, full green triangles correspond 
to J = 5/2 baryons, full purple stars correspond to J = 7/2 
baryons, and sky blue empty crosses correspond to J = 9/2 
(see text). 
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Figure 6 shows the log-log plot of N baryons. Full red 
circles correspond to J = 1/2 baryons, full blue squares 
correspond to J = 3/2 baryons, full green triangles corre- 
spond to J = 5/2 baryons, full purple stars correspond to 
J = 7/2 baryons, and sky blue empty crosses correspond 
to J = 9/2. All such baryons have known spin. The fig- 
ure shows many straight lines, a signature of multi- fractal 
properties. 



B. A baryons 
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FIG. 8. Color on line. Log-log plot of A baryon masses. Full 
red circles correspond to J = 1/2 baryons, full blue squares 
correspond to J = 3/2 baryons, full green triangles correspond 
to J = 5/2 baryons, full purple stars correspond to J = 7/2 
baryons, and sky blue empty crosses correspond to J = 9/2 
baryons (see text). 



J = 3/2, 5/2, or 9/2. Two spin values are preferred for 
A(2585) J = 3/2 or 5/2. 

Two spins arc preferred for the A(2585), J = 3/2 or 
9/2. 



FIG. 7. Color on line. Log-log plot of A baryon masses. Full 
red circles correspond to J = 1/2 baryons, full blue squares 
correspond to J = 3/2 baryons, full green triangles correspond 
to J = 5/2 baryons, full purple stars correspond to J = 7/2 
baryons, and sky blue empty crosses correspond to J = 9/2 
baryons (see text). 



Figure 7 shows the log-log plot of A baryons. Full red 
circles correspond to J = 1/2 baryons, full blue squares 
correspond to J = 3/2 baryons, full green triangles corre- 
spond to J = 5/2 baryons, purple stars correspond to J = 
7/2 baryons, and sky blue empty crosses correspond to J 
= 9/2 baryons. All such baryons have known spin. The 
figure shows - again - many straight lines, a signature of 
multi-fractal properties. 



C. A baryons 
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D. S baryons 
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Figure 8 shows the log-log plot of A baryons. Full red 
circles correspond to J = 1/2 baryons, full blue squares 
correspond to J = 3/2 baryons. full green triangles cor- 
respond to J = 5/2 baryons. full purple stars correspond 
to J = 7/2 baryons, and sky blue empty crosses corre- 
spond to J = 9/2. The spin of two A baryons is unknown, 
namely the A(2000) (ln(M) = 7.60) and A(2585) (ln(M) 
= 7.8575). The corresponding marks in figure 8 are en- 
circled. From the figure, we conclude that the spin of 
A(2000) is unlikely to be J = 1/2 neither 7/2, but rather 



FIG. 9. Color on line. Log- log plot of E baryon masses. Full 
red circles correspond to J = 1/2 baryons, full blue squares 
correspond to J = 3/2 baryons, full green triangles corre- 
spond to J = 5/2 baryons, purple stars correspond to J = 7/2 
baryons, and sky blue empty crosses correspond to J = 9/2 
baryons (see text). 

Figure 9 shows the log-log plot of E baryons. Full red 
circles correspond to J = 1/2 baryons, full blue squares 



5 



correspond to J = 3/2 baryons. full green triangles cor- 
respond to J = 5/2 baryons, full purple stars correspond 
to J = 7/2 baryons, and sky blue empty crosses corre- 
spond to J = 9/2 baryons. The spins of many E baryons 
are unknown. The corresponding marks are encircled. 
There is no known E baryon with spin J = 9/2, and 
only one at M = 2030 MeV (ln(M) = 7.616), is known to 
have J = 7/2. Since this last baryon mark is ousidc the 
continuity of other unknown spin baryons, the unknown 
spin of nearby baryons should be different from J = 7/2. 
The too large number of E baryons with unknown spin, 
prevents the use of this method to tentatively predict 
possible spins. 

The same conclusion applyed for S, $7, and more gen- 
erally for all heavier baryons, like charmed or bottom. 



IV. NUCLEI 

In this section, the method is applied to a limitated 
selection of nuclei. 



A. The He nucleus 

The masses and spins of the energy levels of ''He are 
known up to = 28.5 MeV [1]. Figure 10 shows the 



Figure 10 shows that the lower mass is preferred for the 
(0~,1) level. Both masses for the (1~,1) level are too 
close to allow making a preference between them. 



B. The ^Be nucleus 

Figure 11 shows the log- log plot of ^Be masses [l^ 
versus the corresponding rank " R" . The masses and spins 
of the energy levels of ^Be are known up to = 13 MeV 
[lOj . The full red circles, full blue squares, full green 





9.0372 




9.037 


m 





to 


9.0367 


UJ 




o 


9.0365 








9.0362 


lJ 


9.036 


m 


9.0357 






c 


9.0355 




9.0352 




9.035 



m' 



¥- 
• - 



0.25 0.5 0.75 1 , 1.25 1.5 1.75 2 

lln(R) 



8.232 - 



^ 8.23 

<» 
m 
m 

a 8.228 



ba 8.226 - 

0} 
I 

t^^.224 - 
8.222 



0.2 0.4 0.6 0.8 



1 1.2 1.4 1.6 

llni(R) 



FIG. 10. Color on line. Log-log plot of ''He ^ex. masses (see 
text). Full red circles correspond to J = levels, full blue 
squares correspond to J = 1 levels, and full green triangles 
correspond to J = 2 levels (see text). 



log-log plot of the ^He ^ex. masses 0. Full red circles 
correspond to J = levels, full blue squares correspond 
to J = 1 levels, and full green triangles correspond to J 
= 2 levels. In the range 24. 9< E^x. <26.5 MeV, there 
is a {J^ ,T) (1~, 1) level at a poorly defined mass, either 
at M = 25.8 MeV, or M = 25.1 MeV. In the same way, 
a (0~, 1) level is reported either at M = 26.5 MeV, or at 
M = 24.9 MeV. The corresponding marks are encircled. 



FIG. 11. Color on line. Log-log plot of ^Be masses. Full 
red circles correspond to J — 1/2 levels, full blue squares 
correspond to J = 3/2 levels, full green triangles correspond 
to J = 5/2 levels, and full purple stars correspond to J = 7/2 
levels (see text). 



triangles, and full purple stars correspond respectively 
to the spin values: J=l/2, 3/2, 5/2, and 7/2. The first 
unknown spin level, at = 13.79 MeV, ln(M) = 2.624, 
is tentatively introduced inside all four possible spins, by 
encircled points. The second unknown spin level, at E^ = 
15.97 MeV, ln(M) = 2.771, is also tentatively introduced 
inside all four possible spins, by encircled points. 

We observe that the linearity is obtained for both un- 
known spin levels, for the spin value J = 7/2, and is also 
extended to the next J = 7/2 level at E^; = 17.493 MeV, 
ln(M) = 2.862. There is no linearity for the spin J ~ 
1/2, neither 3/2. The situation for J = 5/2 is more com- 
plicated. Indeed, if its log-log distribution is aligned up 
to both unknown spin levels, this is no more observed 
with the next level at E^ = 16.671 MeV, ln(M) = 2.814. 
Wc notice that if both unknown spin levels have differ- 
ent spins, the linearities are broken for J = 7/2, as well 
as for J = 5/2. But we notice however, that if the first 
unknown spin level is not J = 3/2, the second can have 
such spin J = 3/2. 

The result of the used method is to tentatively at- 
tribute J = 7/2 for both levels of ^Bc at E^ = 13.79 McV 
and E^ = 15.97 MeV. 



6 



The "C nucleus 
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FIG. 12. Color on line. Log-log plot of ^ C masses. Full 
red circles correspond to J = 1/2 levels, full blue squares 
correspond to J = 3/2 levels, full green triangles correspond 
to J = 5/2 levels, and full purple stars correspond to J = 7/2 
levels (see text). 



Figure 12 shows the log-log plot of ^'^C masses [TT| 
versus the corresponding rank " R" . Full red circles cor- 
respond to J = 1/2 levels, full blue squares correspond to 
J = 3/2 levels, full green triangles correspond to J = 5/2 
levels, and full purple stars correspond to J = 7/2 levels. 
The level at Me,;. = 11.748 McV, ln(M) = 2.464, is the 
first one with unknown spin. It is tentatively introduced 
inside all four lower possible spins, by encircled points. 
None spin allows to draw a linear straight line between 
the log of the massses versus the log of the rank. Al- 
though it is therefore not possible to conclude, we notice 
that the (green) triangles, which correspond to J = 5/2, 
would exhibit a good linearity, if the third J = 5/2 mass 
would be somewhat larger. On the other hand, the three 
last marks corresponding to J = 1/2 arc aligned. 
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FIG. 13. Color on line. Log-log plot of '^''N masses (see text). 
Full red circles correspond to J = 1 levels, full blue squares 
correspond to J = 2 levels, and full green triangles correspond 
to J = 3 levels. 
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FIG. 14. Color on line. Log-log plot of ^^N masses (see text). 
Full red circles correspond to J = 1/2 levels, full blue squares 
correspond to J = 3/2 levels, and full green triangles corre- 
spond to J = 5/2 levels. 



E. The ^^N nucleus 



D. The ^"N nucleus 

Figure 13 shows the log-log plot of ^^N masses [ll| 
versus the corresponding rank " R" . Full red circles cor- 
respond to J = 1 levels, full blue squares correspond to 
3 = 2 levels, and full green triangles correspond to J = 
3 levels. The level at Me,,. = 9.386 MeV, ln(M) = 2.239, 
is the first one with unknown spin since it is reported 
as J'^(2~, 3^). Its mark is encircled in figure 13. In 
view of the figure, the spin J = 2 is preferred for the 
Me:,. = 9.386 MeV level. 



Figure 14 shows the log-log plot of ^^N masses [TT| 
versus the corresponding rank "R". Full red circles cor- 
respond to J = 1/2 levels, full blue squares correspond 
to J = 3/2 levels, and full green triangles correspond to 
J = 5/2 levels. The level at Me:,. = 9.928 MeV, ln(M) = 
2.295, is the first one with unknown spin, it is reported 
as J''(l/2, 3/2) + . Another level at Me:,. = 11.235 MeV, 
ln(M) = 2.419, has an unknown spin, since it is noted 
as J > 3/2. The marks corresponding to the possible 
spins are encircled in figure 14. It is not easy to conclude 
firmly on the preferred spins for both levels. Indeed all 
four encircled marks lie on straight lines. We notice how- 
ever the long straight line, including both unknown spin 
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levels of the ^^N nuclei for J = 3/2. This spin value is 
therefore preferred for the two Me^;. = 9.928 MeV and 



11.235 MeV levels. 
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FIG. 15. Color on line. Log-log plot of masses (see text). 
Full red circles correspond to J = 1 levels, full blue squares 
correspond to J = 2 levels, and full green triangles correspond 
to J = 3 levels. 
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FIG. 16. Color on line. Log-log plot of ^^F excited level 
masses (see text). Full red circles correspond to J = 1/2 
levels, full blue squares correspond to J = 3/2 levels, and full 
green triangles correspond to J = 5/2 levels. 



this method cannot be used to help to choose between 
both spin values. 



H. The ^''F nucleus 



Figure 15 shows the log-log plot of ^^N masses [T2| 
versus the corresponding rank " R" . Full red circles cor- 
respond to J = 1 levels, full blue squares correspond to 
J = 2 levels, and full green triangles correspond to J = 
3 levels. A single J = level at Y^^x = 0.1204 MeV is 
reported in the studied mass range. 

The spin of the level at E^x = 5.129 MeV, ln(M) = 
1.635, is reported as J> 2, and the spin of the level at Figx 
= 5.150 MeV, ln(M) = 1.639, is reported as = (2, 3)". 
Both level marks are introduced in the figure 15. They 
are the third and fourth marks for the J = 3, and the fifth 
and sixth marks for J = 2. We observe the straight line 
in this mass range since the increases of the excited state 
level masses are very small. The presence of the next J 
= 2 level mass at Eex = 5.25 MeV, ln(M) = 1.658, brings 
us to privilege J = 2 for the E^x = 5.150 MeV level. Both 
values J = 2 and 3 arc likely for the Egx = 5.129 MeV 
level. 



G. The ^'F nucleus 

Figure 16 shows the log-log plot of ^^F masses [l3 
versus the corresponding rank " R" . Full red circles cor- 
respond to J = 1/2 levels, full blue squares correspond to 
J = 3/2 levels, and full green triangles correspond to J 
= 5/2 levels. The spin of the level at Eex = 6.406 McV, 
ln(M) = 1.857, is reported as J-^" = (1/2, 3/2)-. This 
mark of this level is encircled in figure 16. Here again. 



Figure 17 shows the log- log plot of ^°F excited level 
masses [l^ versus the corresponding rank " R" . Full red 
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FIG. 17. Color on line. Log-log plot of ^°F excited level 
masses (see text). Full red circles correspond to J = 1 levels, 
full blue squares correspond to J = 2 levels, full green trian- 
gles squares correspond to J = 3 levels, and full pink stars 
correspond to J = 4 levels (see text). 



8 



circles correspond to J = 1 levels, full blue squares cor- 
respond to J = 2 levels, full green triangles squares cor- 
respond to J = 3 levels, and full pink stars correspond to 
J = 4 levels. In the range studied there is only one J = 
level at = 3.526 MeV, and one J = 5 level at Ee^ 
= 1.8244 MeV. In the range studied here, there are three 
levels with uncertain spin, at: Eg^ = 3.587 MeV, ln(M) 
= 1.277, Ee^ = 3.680 McV, ln(M) = 1.303, and Eex = 
3.761 MeV, ln(M) = 1.325. Figure 17(a) considers only 
the first of these two levels, at Eg^. = 3.587 MeV which is 
indicated to have J = 1 or 2. It corresponds to the fifth 
mark for J = 1 as well as for J = 2. Figure 17(a) shows 
that the J = 1 value is preferred. 

Then the two successive uncertain spin levels at Eex 
= 3.680 MeV and Eex = 3.761 MeV have respectively J 
= 1 or 2, and J = 2 or 3. Figure 17(b), obtained after 
removing the — 3.587 MeV from the distribution of 
3 = 2, shows that the spin of the Eex = 3.680 MeV is 
uncertain. It may be either J =1 or 2, but if it is 1, then 
the spin J = 2 is unlikely for the E^x = 3.761 MeV level. 

In conclusion for these three unknown spin level, the 
most probable identification may be: J = 1 for the Eex 
= 3.587 MeV and the Eex = 3.680 MeV levels, and J = 3 
for the Eex = 3.761 MeV level. 



Figure 18 shows the log-log plot of Mg excited level 
masses [l3| versus the corresponding rank " R" . Except 
for the ground state level (J = 0), the spins are J = 2, 3, 
or 4. In the mass range considered here, only two levels 
have J = 3 and one level has J = 1. In figure 18, full red 
circles correspond to J = 4 levels, full blue squares corre- 
spond to J = 2 levels, and full green triangles correspond 
to J = 3 levels. The spin of the level at Eex=9-30 MeV, 
ln(M) = 2.230, is uncertain, since noted as (4)+. Fig- 
ure 18(a) shows the log-log distributions including the 
Ee2;=9.30 MeV level (encircled mark) in the three possi- 
ble spins. The linearity is worth for J = 2. Figure 18(b) 
shows the log-log distribution with the assumption that 
the spin of the Ego; =9.30 MeV level is J = 3. The linear- 
ity for J = 3 remains very good, and is not modified for 
J = 4. 

In conclusion the spin of Eea;=9.30 MeV level is likely 
to be J = 3. 



V. DISCUSSION 
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I. The f|Mg nucleus 
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The fractal property, namely the straight line in the 
plot of log of successives masses versus the log of the 
corresponding rank, is used for definite spin distributions: 

- to tentatively predict the spin of several mesons, and 
baryons, when this spin is unknown, 

- to tentatively predict the unknown spins of some nuclei 
excited level masses. 

The different examples discussed above have shown 
that this method is often unable to give a firm result. In- 
deed, it needs the knowledge of the spin of several lower 
masses. It works also better when several masses larger 
than the studied mass, have known spins. But, above 
all, it can help to select the spin, when the masses of the 
levels are not too close. 

The method is unappropriatc if used for rather large 
level ranks. Indeed, then, the masses are brought to- 
gether leading to a large uncertainty. The method may 
be more suitable for light unstable nuclei. 



FIG. 18. Color on line. Log-log plot of ^"'Mg excited level 
masses (see text). Full red circles correspond to J = 4 levels, 
full blue squares correspond to J = 2 levels, and full green 
triangles correspond to J = 3 levels. 
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TABLE I. Color on line. Meson masses (in MeV) and spins. Only first masses are considered. The masses of mesons with 
unknown spin are in red. 



meson J masses (MeV) 

Unfiavoured 137.2, 475, 547.853, 957.78, 980, 980, 1294, 1300, 1350, 1409.8, 1474 

1476, 1505, 1720, 1756, 1816, 1833.7, 1992, 2103, 2189, 2226, 2330 

1 775.49, 782.65, 1019.455, 1170, 1229.5, 1230, 1281.8, 1354, 1386, 1425, 1426.4 

1 1465, 1518, 1570, 1594, 1647, 1662, 1670, 1680, 1720, 1833.7, 1900, 2149, 2175 

2 1275.1, 1318.3, 1430, 1525, 1562, 1617, 1639,, 1672.4, 1732, 1815 

2 1833.7, 1842, 1895, 1903, 1944, 2011, 2090, 2157, 2231.1, 2297, 2339 

3 1667, 1688.8, 1833.7, 1854, 1982, 2250 

4 1833.7, 2001, 2018, 2231.1, 2300 
strange 495, 800, 1425, 1460, 1630, 1830, 1945, 3100 

1 891.66, 1272, 1403, 1414, 1630, 1650, 3100 

2 1425.6, 1580, 1630, 1773, 1816, 1973, 2247, 3100 

3 1630, 1776, 2324, 3100 

4 1630, 2045, 2490, 3100 
charmed 1867.2, 2318, 2403, 2637 

1 2008.6, 2422.7, 2427, 2637 

2 2463.5, 2637 
char.-stra. 1968.47, 2112.3, 2317.8, 2572.6 

1 2112.3, 2459.5, 2535.29, 2572.6, 2709 

c-c 2980.3,3414.75,3637,3871.56,3915.5 

1 3096.916, 3510.66, 3525.42, 3686.09, 3772.92, 3871.56, 3915.5 

2 3556.2, 3871.56, 3915.5, 3929 
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TABLE II. Color on line. Baryon masses (in MeV) and spins. Only first masses are considered. The masses of baryons with 
unknown spin are in red. 



baryon J masses (MeV) 

N 1/2 939, 1440, 1535, 1655, 1710, 2090, 2100 

3/2 1520, 1700, 1720, 1900, 2080 

5/2 1675, 1685, 2000, 2200 

7/2 1990, 2190 

9/2 2250, 2275 

A 1/2 1630, 1750, 1900, 1910, 2150 

3/2 1232, 1600, 1700, 1920, 1940 

5/2 1890, 1960, 2000, 2350 

7/2 1930, 2200, 2390 

9/2 2300, 2400 

A 1/2 1115.683, 1406.5, 1600, 1670, 1800, 1810, 2000, 2585 

3/2 1519.5, 1690, 1890, 2000, 2325, 2585 

5/2 1820, 1830, 2000, 2110, 2585 

7/2 2000, 2020, 2100, 2585 

9/2 2000, 2350, 2585 

E 1/2 1193, 1480, 1560, 1620, 1620, 1660, 1670, 1690, 1750, 1770 

1/2 1880, 2000, 2250, 2455, 2620, 3000, 3170 

3/2 1382.8, 1480, 1560, 1580, 1620, 1670, 1670, 1690, 1840 

3/2 1940, 2080, 2250, 2455, 2620, 3000, 3170 

5/2 1480, 1560, 1620, 1670, 1690, 1775, 1915, 2070, 2250, 2455 

5/2 2620, 3000, 3170 

7/2 1480, 1560, 1620, 1670, 1690, 2030, 2100, 2250, 2455, 2620, 3000, 3170 
9/2 1480, 1560, 1620, 1670, 1690, 2250, 2455, 2620, 3000, 3170 
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TABLE III. Color on line. Excitation energies (in MeV) and spins of discussed excited levels. Only first masses are considered. 
Tfie unknown spin levels are in red. 



nucl. J masses (MeV) 

■'He 0, 20.2, 21.4, 24.9, 26.5 

1 25.1, 25.8, 27.8, 28.3 

2 22.4, 24.3, 28.5 
^Be 1/2 1.684, 2.78, 13.79, 15.97 

3/2 0, 4.704, 5.59, 13.79, 15.97 

5/2 2.429, 3.049, 7.94, 11.81, 13.79, 15.97, 16.671 

7/2 6.38, 11.283, 13.79, 15.97, 17.493 

1/2 0, 3.0884, 8.86, 10.996, 11.080, 11.748 

3/2 3.68437, 7.677, 8.2, 9.498, 9.897, 11.748, 11.851 

5/2 3.85362, 6.864, 7.547, 10.818, 11.748 

7/2 7.492, 10.753, 11.748 

1 0, 3.9478, 5.6896, 6.2035, 8.062, 9.703, 10.228 

2 5.1059, 7.0279, 7.9666, 8.979, 9.129, 9.1708, 9.386, 9.509, 10.101, 10.434 

3 5.8324, 6.444, 8.9091, 9.1241, 9.386 

^^N 1/2 0, 5.29887, 8.31279, 9.05, 9.225, 9.928, 11.2929, 11.4375, 11.615, 11.965 

3/2 6.32385, 7.30109, 8.5714, 9.15224, 9.928, 10.07, 10.7019, 10.804, 11.235, 11.778, 11.876, 12.145 

5/2 5.2704, 7.15536, 9.15527, 9.76, 10.4497, 10.5333, 11.235, 12.095 

^•^N 1 0.39727, 3.3528, 4.3204, 4.3914, 4.76, 5.318 

2 0, 3.5227, 4.7828, 5.0537, 5.129, 5.150, 5.25 

3 0.29822, 3.9627, 5.129, 5.150, 5.2301, 5.5216 
^■^F 1/2 0.49533, 3.104, 5.682, 6.037, 6.406, 6.56 

3/2 4.64, 5.0, 5.488, 5.82, 6.406, 6.774, 7.356 

5/2 0, 3.857, 6.697, 7.027 

1 0.98371, 1.056818, 3.17258, 3.48849, 3.58656, 3.68013, 3.96519, 4.08208 

2 0, 1.30934, 1.84397, 2.04405, 3.58656, 3.68013, 3.7611 

3 0.656, 1.9708, 2.19436, 2.8649, 2.96616, 3.7611 

4 0.82268, 2.968 

2*Mg 2 1.36859, 4.2385, 9.300, 11.017, 11.457, 11.521 

3 5.236, 7.616, 9.300 

4 4.1228, 6.0103, 8.436, 9.300, 9.515, 11.22, 11.693, 12.05 
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